Background and Aims: The association between portalsystemic shunt and hepatocellular carcinoma (HCC) development in patients who have cirrhosis is still controversial. This systematic review with meta-analysis was performed to systematically clarify the potential role of portal-systemic shunt in the development of HCC. Methods: The PubMed, Embase, and Cochrane Library databases were searched for potentially eligible literature. Meta-analysis with random-effects model was performed to combine the incidence rates of HCC after portal-systemic shunt. Finally, seven studies were included. In the present review, we mainly focused on 859 patients (365 in the transjugular intrahepatic portal-systemic shunt (TIPS) group and 494 in the non-TIPS group) from five studies to analyze incidence rates after TIPS. Results: At the end of follow-up, there were 66 (18%, 66/365) patients who developed HCC after TIPS intervention and 63 (13%, 63/494) patients who developed HCC after non-TIPS treatments. Pooled estimates with random-effects model did not demonstrate a significant increase of incidence of HCC after TIPS (risk ratio: 1.37 [confidence interval (CI): 0.96 to 1.97]; p = 0.08) compared with non-TIPS treatments. Subgroup analyses for those patients with transplanted liver also did not detect a significant difference between the TIPS group and non-TIPS group (risk ratio: 1.10 [CI: 0.59 to 2.07]; p = 0.75). Conclusions: Current evidence suggests that portal-systemic shunt is not associated with a higher risk of HCC development in cirrhotic patients. Citation of this article: Chen B, Pang L, Chen HB, Wu DB, Wang YH, Chen EQ. TIPS is not associated with a higher risk of developing HCC in cirrhotic patients: A systematic review and meta-analysis.
Introduction
Portal-systemic shunt, especially the transjugular intrahepatic portal-systemic shunt (TIPS) introduced in 1989, 1 has become one of the most acceptable treatments of portal hypertension-associated complications because the procedure effectively reduces portal pressure. [2] [3] [4] [5] With the development of medical technology, surgical portal-systemic shunt has been replaced by TIPS, and bare-stent TIPS has been replaced by covered-stent TIPS with extended polytetrafluoroethylene. 6 Early application of TIPS in cirrhotic patients with variceal bleeding has been recommended to reduce the overall mortality. 7 Moreover, TIPS has played an increasingly essential role in the management of decompensated liver cirrhosis.
Hepatocellular carcinoma (HCC) remains one of the leading causes of mortality among cirrhotic patients. Early accurate diagnosis is beneficial for improving prognosis of this tumor, and a regular detection program for HCC has been suggested to high-risk patients. 8, 9 Portal-systemic shunt could generate circulatory, hemodynamic, and functional changes, which might increase the incidence of HCC as suggested in some published studies. 10 In 1985, Bjorneboe et al. 11 reported a higher incidence of developing HCC in shunted patients who survived more than 6 months after operation (relative risk: 3.28; 95% confidence interval [CI]: 1.52-7.45) compared with non-shunted patients. In 2005, Banares et al. 12 reported an observational study which suggested cirrhotic patients with application of TIPS may suffer a higher incidence of HCC. As such, a formal HCC monitoring program is highly recommended for these patients, especially for those are not able to receive a short-period or medium-period liver transplantation.
However, incompatible results have been reported regarding the incidence of developing HCC in patients with portalsystemic shunt. In 2005, Libbrecht et al. 13 published another study which showed that neither the progress of HCC nor the existence and amount of dysplastic nodules was in association with the application of TIPS. In 2013, De Santis and his colleagues 14 reported a retrospective case-control study with 101 cirrhotic patients in different groups. The median length of follow-up was 56.7 months (range: 8.2-174.5) and 67.8 months (range: 8.3-183.1) for TIPS patients and controls respectively (p = 0.08). The cumulative incidence of HCC at 1, 3, 5 and 10 years was 2%, 7%, 18% and 46% in the TIPS group and 3%, 10%, 19% and 39% in the control group (p = 0.19). These results suggested that TIPS did not account for the increased risk of HCC, and unmodified ultrasound supervising was recommended for these patients. Recently, in 2015, Borentain et al. 17 reported another retrospective study which suggested that TIPS may increase the incidence of liver dysplasia; however, the risk of developing HCC in a transplanted liver was not related to TIPS.
The present systematic review with meta-analysis aims to provide a comprehensive understanding of whether the incidence rates of HCC development are statistically different in cirrhotic patients who received TIPS than in those who received non-TIPS treatments, based upon a thorough search of the electronic databases, including PubMed, Cochrane Library, and Embase.
Methods

Literature search
A systematic literature search of three databases was independently conducted, including PubMed, Cochrane Library, and Embase. This meta-analysis followed the standard reporting guidelines. 15 The search was done from the inception of the databases to 20 March 2018. The following keywords were used: TIPS; portal-systemic shunt; surgical shunt; and transjugular intrahepatic portal-systemic shunt. All potential eligible studies were manually searched to find possible relevant publications. No language or publication type or date restriction was set.
Inclusion and exclusion criteria
Inclusion criteria were as follows: 1) the publications described randomized controlled trials or observational studies; 2) the participants in the experimental groups were treated with portal-systemic shunt, while the participants in the control groups were treated with other treatments instead of portal-systemic shunts; 3) reporting on the outcome of incidence rate of HCC after treatment. If the data of any paper overlapped or were duplicated among two or more studies by the same study team, only the study with the more complete data or one earlier study were included.
Study selection and data extraction
The titles and abstracts of identified articles were perused by two of the authors (B.C. and L.P.) working independently after the removal of duplications. Then, full articles were retrieved if further assessment was needed. Data collection was independently carried out by two reviewers. Two authors made their own assessment of the risk of bias of enrolled studies according to the Risk of Bias Tool conferred by the Cochrane Handbook. Divergence was resolved by third opinion.
The extracted and summarized data include first author, publication year, country, study design, publication type, sample size, type of portal-systemic shunt (surgical shunt or TIPS), duration of follow-up, demographic data (age and sex), and the incidence rate of HCC after treatment.
Quality assessment
The quality of observational studies was evaluated with the Newcastle-Ottawa Scale. The Newcastle-Ottawa Scale measures quality in the three domains of selection, comparability, and exposure. High-quality studies were considered to have a score of 7 or greater, consistent with other metaanalyses. The Cochrane Risk of Bias Tool for assessing risk of bias was used to assess the quality of randomized controlled trials. Study quality was assessed independently by two investigators (C.B. and L.P.) and any discrepancies were addressed by a joint evaluation of the original article.
Statistical analysis
The primary outcome was the incidence rate of HCC at the end of follow-up of each included study. Discontinuous outcomes were evaluated by odds ratio and a corresponding 95% confidence interval (CI). The curative effect in continuous variables was expressed as weighted mean difference with corresponding variances. The results were identified as statistically significant when the p value was less than 0.05. The heterogeneity among the studies was assessed by the I 2 statistic (I 2 > 50% suggested substantial heterogeneity) and the chi-square test (p < 0.10 indicated significant statistical heterogeneity). 16 Publication bias was investigated by the Egger's test. RevMan v5.3 (The Cochrane Collaboration, Software Update, Oxford, UK) was the tool used to extract, pool and analyze the data.
Results
Literature search and study characteristics
Of 253 records, 9 met selection criteria [11] [12] [13] [14] [17] [18] [19] [20] (Fig. 1) . Two records were excluded due to no relevant data being available. 20 Finally, seven studies were included in this review. One was a randomized trial, 19 and six were observational studies. [11] [12] [13] [14] 17, 18 Two studies evaluated the incidence rate of HCC after surgical portal-systemic shunts, 11, 18 and five studies evaluated the incidence rate of HCC after TIPS. [12] [13] [14] 17, 19 We can only make a descriptive review regarding the incidence rate after surgical portal-systemic shunts due to lack of available full-texts. In 1985, Bjorneboe et al. 11 reported a high risk of HCC in shunted patients alive more than 6 months postoperatively (relative risk: 3.28; 95% CI: 1.52-7.45) compared with nonshunted patients. However, another study reported that after a mean follow-up of 50 months, no differences were observed between the two groups in relation to the prevalence of HCC after portal-systemic shunt. 18 In this review, we mainly focused on the analysis of incidence rate after TIPS due to the available data. The fulltexts of the selected five studies were obtained, [12] [13] [14] 17, 19 and the main characteristics are displayed in Table 1 . Two studies were performed in Spain and another three were conducted in Belgium, Italy, and France respectively. The five total studies involved 859 patients (365 in the TIPS group and 494 in the non-TIPS group). The mean age in each study was over 50 years old, and more than 60% of participants were male. The main cause of cirrhosis was alcohol abuse. Of note, two studies assessed the incidence rate of HCC after TIPS in transplanted livers. 13, 17 According to the methodological assessment, only one randomized controlled trial was considered high quality. 19 Most observational studies were rated as good quality. 12, 14, 17 However, one study with abstract available only was considered to be of unclear quality. 13 The funnel plots demonstrated no publication bias, as shown in Fig. 2 .
Meta-analyses of incidence rates of HCC
The total five studies involving 859 patients were included for the meta-analysis of incidence rates of HCC after TIPS or other treatments (365 in the TIPS group and 494 in the non-TIPS group). All of these five studies reported the number of patients with de novo HCC in the TIPS group or non-TIPS group. The mean or median follow-up time was reported in three of the studies, ranging from 14. last follow-up, there were 66 (18%, 66/365) patients with de novo HCC in the TIPS group and 63 (13%, 63/494) patients with de novo HCC in the non-TIPS group. Although the incidence rate of HCC was higher in the TIPS group than in the non-TIPS group, the pooled results did not demonstrate a significant difference between the two groups (relative risk: 1.37 [95% CI: 0.96-1.97]; p = 0.08, random-effects model) ( Fig. 3 ). No significant heterogeneity between studies was detected (p = 0.36; I 2 = 8%).
Subgroup analyses of incidence rates of HCC
Subgroup analysis was performed according to the percentage of cirrhosis patients due to alcohol. Pooled estimates from studies that enrolled more than 50% of cirrhosis due to alcohol suggested that TIPS was associated with a significant increase of development of HCC (relative risk: 2.02 [95% CI: 1.05-3.9]; p = 0.04, random-effects model) ( Fig. 3 ). However, pooled estimates from studies which enrolled less than 50% of cirrhosis due to alcohol patients did not demonstrate a significant difference between the two groups (relative risk: 1.11 [95% CI: 0.73-1.69]; p = 0.63, random-effects model). We further performed a subgroup analysis assessing the incidence rate of HCC in those patients with transplanted liver, and there was also no significant difference between the TIPS group and the non-TIPS group (relative risk: 1.10 [95% CI: 0.59-2.07]; p = 0.75, random-effects model) ( Fig. 4) .
Discussion
There is still controversy regarding the influence of portalsystemic shunt on the incidence rate of HCC after shunt procedures. Our present study systematically collected those published studies which evaluated the influence of portalsystemic shunt on development of HCC. This is the first systematic review and meta-analysis focusing on this topic. Due to no relevant data available, meta-analysis was not performed for those studies which assessed whether surgical portal-systemic shunt increased the risk of HCC in cirrhosis. So, this study mainly reported the pooled results with regard to the influence of TIPS on the development of HCC.
In total, five studies were included for meta-analysis. We combined the results with random-effects model, and the pooled estimates did not detect a significant difference regarding the incidence rate of HCC between the TIPS group and the non-TIPS group. Of note, subgroup analysis suggested that TIPS was positively associated with incident HCC in those studies which enrolled more than 50% of cirrhosis patients due to alcohol. However, there is no other evidence to implicate TIPS as a risk factor for HCC development in 
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Journal of Clinical and Translational Hepatology 2019 vol. 7 | 232-237 patients with alcoholic cirrhosis. Additionally, subgroup analysis also did not demonstrate that TIPS increased the risk of HCC in transplanted liver. In order to improve the accuracy and reliability of pooled estimates, we did not show the pooled estimates with fixed-effects model in the section of results. However, the pooled results suggested that TIPS was associated with a higher incidence rate of HCC, compared with other treatments (relative risk: 1.41 [95% CI: 1.01-1.96]; p = 0.04, fixed-effects model).
Of those five included studies, only one retrospective cohort study suggested that the creation of TIPS may be associated with a higher risk of developing HCC in patients with cirrhosis. 12 Their results suggested that patients with TIPS had a higher risk of developing HCC than matched controls. Over a 5-year period, the actuarial risk of developing HCC was 34% in the TIPS group and 25% in the non-TIPS group. Of note, the rate of liver transplantation was much higher in the non-TIPS group than in the TIPS group in this study, which meant that the number of patients at risk of HCC over time was lower in this group. Furthermore, as mentioned in the section of discussion by authors, selection bias cannot be completely excluded due to the retrospective nature of this study, although researchers of this study performed a careful selection of the non-TIPS cohort to match the TIPS cohort as well as possible.
Some researchers have suggested that the marked decrease of portal blood flow due to TIPS placement might lead to malignant transformation of the cirrhotic liver, because changes in hepatic blood flow have been suggested to be associated with the development of nodular regenerative hyperplasia in patients with chronic Budd-Chiari syndrome. 21 Borentain and his colleagues 17 further demonstrated that the percentage of patients presenting with dysplastic nodules was higher in their TIPS group than the non-TIPS group (33.9% vs. 20.1%, p = 0.047). However, another study reported by Libbrecht et al. 13 showed that the presence and number of dysplastic nodules was about 2 to 2.5 times lower in patients with a TIPS. To date, no special study has been conducted to explore the mechanisms through which TIPS placement could initiate the development of HCC. One published study suggested that TIPS was associated with the augmentation of hepatic iron deposits and the vascular and parenquimal changes. 12 Another study found pseudointimal hyperplasia in the lumen of bare-stent TIPS, which may also play a role in the development of HCC. 22 However, this problem could be avoided in the era of covered-stent utilization in the TIPS procedure.
Although there is no significant heterogeneity between studies, and no publication bias, there are several limitations to our meta-analysis. First, there have been many trials evaluating the efficacy of portal-systemic shunt in the management of variceal bleeding; 7,23-27 however, they mainly focused on the outcome of survival and did not pay attention to the association between portal-systemic shunt and development of HCC. So, only five studies were included in this meta-analysis. Second, the study designs varied from randomized controlled trials to observational cohort studies. Although most were of high quality, the inclusion criteria for patients varied, with some studies including only patients with transplanted liver. Third, the follow-up duration varied significantly, which might have influenced the incidence rate of HCC after treatment. We pooled the incidence rate of HCC at the last follow-up time from each included study, which would introduce some bias. So the random-effects model was used in our meta-analysis, in order to minimize the influence of heterogeneity between studies on the pooled estimates. Lastly, we only enrolled one randomized controlled trial, which makes future studies needed to fully elucidate the association between portal-systemic shunt and development of HCC. Fig. 3 . Pooled estimates with random-effects model did not demonstrate a significant increase of incidence of HCC after TIPS, compared with other treatments. Abbreviations: HCC, hepatocellular carcinoma; TIPS, transjugular intrahepatic portosystemic shunt. Fig. 4 . Subgroup analysis for those patients with transplanted liver also did not detect a significant difference between TIPS group and non-TIPS group. Abbreviations: HCC, hepatocellular carcinoma; TIPS, transjugular intrahepatic portosystemic shunt.
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